The aim of this study was to investigate the clinical characteristics of individuals with chronic hepatitis B virus (HBV) infection with persistent low levels of hepatitis B surface antigen (HBsAg) and to undertake a correlation analysis of the clinical characteristics.
Background
Hepatitis B virus (HBV) infection is one the most widespread and severe forms of viral hepatitis. The presence of hepatitis B surface antigen (HBsAg) is one of the earliest serum proteins found in HBV infection, and because it persists, HBsAg is an important diagnostic marker of HBV infection. Other serum markers of HBV infection include HBV envelope antigen (HBeAg), and HBV core antigen (HBcAg). It is now known that during the process of HBV infection, some individuals will have persistent low serum levels of HBsAg, and it is important to test for the presence of HBsAg in the diagnosis of HBV infection. However, the clinical and epidemiological factors associated with low levels of HBsAg compared with high levels of HBsAg are unclear.
Therefore, serum testing for low levels of HBsAg in the serum may be important, as sustained low-level HBsAg [1] [2] [3] [4] [5] , and replication of HBV nucleic acid [6] [7] [8] have been reported in some subjects with chronic HBV infection. Because these serological findings may be of relevance for the prevention and treatment of HBV, the study of serum HBsAg has attracted the attention of general physicians, hepatologists, epidemiologists, virologists, and molecular biologists [9] [10] [11] [12] [13] [14] [15] .
Currently, correlations between replication of HBV DNA, and serological markers of HBV, including HBsAg, HBeAg, and HBcAg, have been reported in patients with chronic HBV infection [12, [16] [17] [18] . However, little is known about the relationship between replication of HBV DNA, clinical associations, and associations with levels of other serological markers for HBV infection and the presence of persistent serum low-level HBsAg.
The aim of this study was to investigate the clinical characteristics of individuals with chronic HBV infection with persistent low levels of HBsAg and to undertake a correlation analysis of the clinical characteristics.
Material and Methods
Ethical approval, patients studied, and serum samples This study was approved by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China.
A total of 21,217 adults, >18 years-of-age, who received routine health examinations were sequentially registered and recruited during 2015. There were 13,520 men and 7,697 women.
Blood samples were taken from the participants, and serum samples were analyzed for hepatitis B surface antigen (HBsAg), hepatitis B envelope antigen (HBeAg) and hepatitis B core antigen (HBcAg) levels using the chemiluminescent microparticle immunoassay (CMIA). Positive HBsAg sera underwent a further confirmatory neutralization test. Also, the medical records and laboratory findings were reviewed for all individuals who were HBsAg-positive. Clinical follow-up was performed in 1,204 subjects with chronic HBV infection as follows: re-examination was done once every three months during a 12-month period, to exclude transient low levels of HBsAg in the early or acute phase of HBV infection, or in the HBsAg/anti-HBsAg transition recovery phase.
A sustained low-level of HBsAg was defined as the level of serum HBsAg persistently lower than 10 IU/mL in HBsAg-positive subjects during the follow-up period. Individuals were excluded from the study if they had undergone medical treatments including immunomodulatory or anti-viral therapies within six months before the study commenced. All subjects who were positive for HBsAg received common chronic viral infection screening test including anti-HIV-Ag/Ab, anti-HCV-IgG, and anti-HDV-Ag/Ab. Among the study participants, there were five subjects with positive serum anti-HCV-IgG levels, one subject with a positive anti-HIV-Ag/Ab. Also, three subjects with combined infections with hepatitis C virus (HCV) and HBV, and five subjects with HBV infection and chronic active hepatitis (CAH) were excluded due to liver-protecting, enzyme-lowering, and anti-viral therapies. Finally, 1,204 subjects were enrolled in the study including two HCV infected subjects and one subject with combined infection with human immunodeficiency virus (HIV) and HBV. Serum samples were stored at -70°C.
Reagents and equipment
Architect i2000 automated chemiluminescence immunoassay instrument (Abbott Core Laboratory, USA), kits for the detection of HBsAg, anti-HBsAg, HBeAg, anti-HBeAg, HBcAg and anti-HBcAg (Abbott, USA), the StepOnePlus real-time polymerase chain reaction (PCR) system (ABI Applied Systems, USA), NP968 nucleic acid extraction system, nucleic acid extraction kit (Tian Long, China), anti-HBsAg (1000 IU/mL) for HBsAg detection, HBV DNA Fluorescence Quantitative Detection Kit (ACON, China), alanine aminotransferase (ALT) kit (Leadman, China) and Architect C8000 automatic biochemical analyzer (Abbott Diagnostics, USA) were used in this study.
Measurement of HBV markers and confirmation of serum HBsAg levels
CMIA was used to detect the anti-HBsAg, HBeAg, anti-HBeAg, HBcAg, and anti-HBcAg in HBsAg-positive serum using the Architect i2000 automated chemiluminescence immunoassay instrument (Abbott Core Laboratory, USA), according to the manufacturer's instructions. Positive results were determined if HBsAg was >0.05 IU/mL, anti-HBs was >10 IU/mL, HBeAg was >1.0 mIU, anti-HBe was <1.0 mIU and anti-HBc was >1.0 mIU. If the levels of HBsAg in the sample was >250 IU/mL, the sample was diluted with normal saline to ensure that the HBsAg was <250 IU/mL. To ensure that the HBsAg test results were reliable, the HBsAg level was further validated using a neutralization assay.
Extraction of HBV DNA with immune beads and real-time fluorescence quantitative polymerase chain reaction (PCR)
The Np968 nucleic acid extraction system and nucleic acid extraction kit (Tian Long, China) were used to extract HBV DNA from serum samples, using a slight modification from the routine method and the enrichment method. In the routine method, serum samples (200 μl/well) and trypsin (20 μl/well) were used in the low-level HBsAg group and high-level HBsAg group of individuals. Also, in the low-level HBsAg group, an enrichment method was also used for the extraction of HBV DNA in 500 μl of serum samples with 50 μl of trypsin; other procedures were the same as those used in the routine method.
Grouping of individuals
Grouping was done according to the cut-off serum HBsAg level of 10 IU/mL [1, 6, 7] . There were 1,023 subjects in the highlevel HBsAg group (HBsAg level ³10 IU/mL) and 181 subjects in the low-level HBsAg group (HBsAg level <10 IU/mL). According to serum ALT and clinical diagnostic criteria [19] , subjects with chronic HBV infection were divided into asymptomatic carrier (ASC) with HBV, characterized by HBsAg that remained positive for more than six months, with low or undetectable serum HBV DNA levels and normal serum aminotransferases and chronic hepatitis B (CHB) characterized by positive serum HBsAg levels that remained positive for more than six months or an uncertain date of onset, periodic reactivation with a pattern of fluctuating levels of HBV DNA and aminotransferases and active hepatitis. On the basis of age, subjects were divided into the following age groups: <30 years; ³30-40 years; ³40-50 years; ³50-60 years; and ³60 years.
Correlations between HBV DNA with HBV markers and age
The logarithm of HBV DNA (log 10 IU/mL) was used as a dependent variable (logarithm HBV DNA was 0 when HBV DNA was <30 IU/mL), and age, HBV markers (HBsAg, anti-HBs, HBeAg, anti-HBe, anti-HBc) as independent variables for correlation analysis. The correlation between HBV DNA with HBV markers (HBsAg, anti-HBs, HBeAg, anti-HBe, anti-HBc) and age were evaluated in subjects with HBV-M1, HBV-M2 or HBV-M3 in the high-level HBsAg group and in those with the HBV-M2 profile of the low-level HBsAg group.
Statistical analysis
Quantitative data were expressed as the mean ± standard deviation (SD) or median (range). Qualitative data were expressed as frequencies or rates. Comparisons of the HBsAgpositive rate, HBV DNA-positive rate, and composition ratio were made using the Chi-squared test among different groups. The means were compared among different groups using a ttest for equal variances assumed and not assumed. A MannWhitney U test for nonparametric data was used. The correlations of HBV DNA with age and HBV markers were evaluated with linear regression analysis. Figures were prepared with GraphPad Prism 6 for Windows, and statistical analysis was done using SPSS version 12.01 for Windows. A value of P<0.05 was considered statistically significant.
Results

Hepatitis B virus (HBV) markers and HBV DNA in 1,204 individuals with chronic HBV infection
In 21,217 adults who received routine health examination, chronic HBV infection with HBsAg-positive serology was found in 1,204 subjects (1,204/21217 or 5.67%), of whom there were 780 men (780/13,520 or 5.77%) and 424 women (424/7697 or 5.51%). There were no statistically significant differences between men and women in the HBsAg positive rate and the HBV DNA positive rate (P>0.05). However, the logarithm HBV DNA in males was significantly greater in men than in women (P<0.05). Also, no significant differences were observed in age, serum HBsAg, anti-HBsAg, anti-HBeAg and logarithm HBV DNA between women and men (P>0.05). In particular, the HBeAg level in men was significantly lower than in women (P<0.05) and the anti-HBcAg level in men was significantly greater than in females (P<0.05) ( Table 1) .
Serological patterns and clinical types in 1,204 subjects with chronic HBV infection
In the low-level HBsAg group, the main serological pattern was HBsAg and HBeAg and HBcAg-positive (HBV-M2) (169/181, 93.37%) and the major clinical type was the asymptomatic carrier (ASC) (178/181, 98.34%). In the high-level HBsAg group, the major serological patterns were HBV-M2 (725/103, 70.87%) and HBV-M1 (169/1023, 23.95%), and the major clinical types were ASC (909/1023, 88.86%) and chronic hepatitis B (CHB) (114/1023, 11.14%) ( Table 2) . Compared with the high-level HBsAg group, the mean age of the subjects with major serological patterns and major clinical types and the overall mean age in the low-level HBsAg group were significantly greater than in the high-level HBsAg group (P<0.05); the HBsAg positive rate and the HBV DNA positive rate (by the routine method and the enrichment method) in low-level HBsAg group were lower than in the high-level HBsAg group (P<0.05). In the HBsAg-positive or HBV DNA-positive subjects, there was no significant difference in the proportions of men and women between the low-level HBsAg group and the high-level HBsAg group (P>0.05) ( Table 2 ). In the low-level HBsAg group, the proportion of subjects with the HBV-M2 or ASC status was significantly greater than in high-level HBsAg group (P<0.05) (Figure 1 ). In the high-level HBsAg group, subjects with the HBV-M1 pattern were younger than those with the HBV-M2, HBV-M3 or ASC clinical pattern (P<0.05).
Distribution of HBsAg-positive subjects and HBV DNApositive rate in different age groups Subjects were grouped according to their age. The results showed that the high-level HBsAg group showed a normal distribution among the different age groups (Figure 2A ), but a skewed distribution was observed in the low-level HBsAg group ( Figure 2B ). The HBV DNA positive rate of the high-level HBsAg group was significantly different among different age groups (P<0.05) and was positively associated with age ( Figure 2C ) (r=-0.981, P<0.05). However, the HBV DNA-positive rate in the low-level HBsAg group (by the routine method and the enrichment method) was comparable among age groups ( Figure 2D) (P>0.05). Furthermore, the positive rate of HBV DNA by the routine method was less than that using the enrichment method in the low-level HBsAg group (P<0.05).
HBV DNA, HBV markers and correlation analysis for major serological patterns and clinical types in the high-level HBsAg group and the low-level HBsAg group
The major serological patterns and clinical types were compared, using the statistical t-test or the Mann-Whitney U test, between the high-level HBsAg group and low-level HBsAg group. In the high-level HBsAg group, the median logarithm of HBV DNA and mean levels of HBV markers (HBsAg, anti-HBs, HBeAg, anti-HBe and anti-HBc) in the HBV-M1 subjects were significantly different from the HBV-M2 and HBV-M3 subjects (P<0.05), and the logarithm of HBV DNA, HBsAg, and anti-HBs in CHB subjects were also significantly different from those in the ASC subjects (P<0.05). In the low-level HBsAg group, the major serological pattern and clinical types were HBV-M2 and ASC, respectively. The mean levels of HBV markers (HBsAg, anti-HBs, HBeAg, anti-HBe and anti-HBc) were comparable between the HBV-M2 subjects and the ASC subjects (P>0.05), but significant difference was observed in the median logarithm values of HBV DNA between the HBV-M2 subjects and the ASC subjects (P<0.05). The median logarithm of HBV DNA, HBsAg, HBeAg and anti-HBc of HBV-M2 subjects in the lowlevel HBsAg group were significantly lower than those in highlevel HBsAg group (P<0.05), but anti-HBsAg and anti-HBeAg were significantly greater (P<0.05) ( Table 3 ).
The correlations between HBV DNA with age and HBV markers for major serological patterns were further analyzed in both the high-level HBsAg group and the low-level HBsAg group. The results showed that the HBV DNA levels of subjects with major serological patterns were positively related to HBsAg in both groups (r=0.207-0.452), and the correlation coefficient was greater in the low-level HBsAg group (0.452). The HBV DNA level was positively related to the serum HBsAg in the low-level HBsAg group. In the high-level HBsAg group, HBV DNA in subjects with the three major serological patterns was related to HBV markers, but to different extents. Furthermore, the HBV DNA levels of subjects with the HBV-M1 or HBV-M3 pattern was negatively related to age (P<0.05) ( Table 4) .
Discussion
China is one of the major countries with high prevalence of hepatitis B virus (HBV) infection, which is mainly caused by perinatal or early childhood transmission [20] . Since the initiation of a nationwide HBV vaccination program for neonates was launched by National Health and Family Planning Commission of the Peoples' Republic of China in 1992, the prevalence of serum HBsAg was reduced to 2.1% among all children, and to 1.0% among children born after 1999. Also, administration of universal HBV vaccination in infants has led to a dramatic decrease in HBV infection, with the prevalence of HBsAg declining from 9.75% in 1992 to 7.18% in 2006 [21] . The serum HBsAg positive rate in adults in China was 5.67% in 2006, and this low prevalence was due to universal HBV vaccination [21] , wide application of clinical anti-viral therapy [22] and use of HBV infection detection methods with high sensitivity [1, [23] [24] [25] .
In the present study, we investigated 181 subjects with chronic HBV infection with a low level of serum HBsAg (HBsAg level <10 IU/ml) and their characteristics were compared with those from 1,023 subjects with chronic HBV infection with a high level of serum HBsAg (HBsAg level ³10 IU/ml) in the same period. Subjects in the low-level HBsAg group accounted for 15.03% of HBsAg positive subjects (181/1204) and the male to female ratio was about 1.59: 1 (111: 70) which was similar to 1.89: 1 (669: 354) found in subjects in the high-level HBsAg group (P>0.05) (Tables 1, 2) , However, the mean age (55.09±16.45 years) in the low-level HBsAg group was higher than in the high-level HBsAg group (43.63±10.95 years) ( Table 2 ). The major serological pattern and clinical types were HBV-M2 (HBsAg and HBeAg and HBcAg-positive) (93.37%) and asymptomatic carriers (ASC) (98.34%), respectively, in the low-level HBsAg group unlike the high-level HBsAg group (Figure 1 ). In subjects with low-level serum HBsAg showed a low replication of HBV DNA (Table 3) using the enrichment method, the median logarithm HBV DNA (0~4.86 IU/mL), with an HBV DNA positive rate of 40.33% (enrichment method, 73/181), which was lower than that in the high-level HBsAg group (P<0.05), and the detection rate of HBV DNA was comparable among different age groups in low-level HBsAg group (P>0.05) (Table 2, Figure 2D ). However, the HBV DNA positive rate was negatively correlated with age in the high-level HBsAg group (r=-0.981, P<0.05) (Table 4, Figure 2C ). In the low-level HBsAg subjects, the number of subjects in the advanced age group was greater ( Figure 2B ), while the number of subjects presented normal distribution in the high-level HBsAg group (Figure 2A) . Correlation analysis showed that low serum HBsAg was positively correlated with low replication of HBV DNA (r=0.452) (Table 4) . However, in the high-level HBsAg group, multiple clinical markers including age, HBsAg, HBeAg, Anti-HBe, AntiHBc were related with HBV DNA level (Table 4 ). 
1831
A previously reported study by our group showed that lowlevel HBsAg was not correlated with a low replication of HBV DNA [6] , a finding that may be explained by the previous use of an immunoassay method with low sensitivity that was previously used for the detection of HBsAg, and a polymerase chain reaction (PCR) with a lower sensitivity to low HBV DNA levels (<1000 copies/ml) [26] . With the development of detection techniques for HBV markers and HBV DNA, the detection and precise quantification become feasible for serum samples with low-levels of HBsAg (<0.05 IU/mL) and low replication of HBV DNA (extraction of nucleic acids with immune beads: <30IU/mL) [17, 18, 27, 28] . In the present study, a routine method and an enrichment method were employed to extract and detect HBV DNA in the low-level HBsAg group, and the positive rate was 25.97 (47/181) and 40.33% (73/181), respectively, which was greater than previously reported by the use of the direct method (10.3%) and the concentration method (34.6%). Constantly improving methods to evaluate subjects with low serum levels of HBsAg will reveal more clinical, epidemiological, and information.
Subjects with low-level HBsAg can be classified into HBsAg/ anti-HBe/anti-HBc positive subjects (HBV-M2) according to the serological pattern, or to the asymptomatic carrier (ASC) status group, which may represent a non-active phase of HBV infection [19] . This study investigated the HBsAg level, serological pattern of HBV infection, clinical type of HBV infection, gender and age of the subjects with a low serum level of HBsAg: the male: female ratio of the ASC group was 1.54: 1 (108: 70) and 1.81 (585: 324) in the high-level HBsAg group and the lowlevel HBsAg group, respectively. There was no significant difference for gender (P>0.05). However, there was a significant Figure 2 . Distribution of HBsAg-positive subjects and hepatitis B virus (HBV) DNA positive rate in different age groups of high-level HBsAg subjects and low-level HBsAg subjects. In the high-level HBsAg group, the number of HBsAg positive subjects was greatest in the ³40-50 year age group and a normal distribution was observed.(A); in the low-level HBsAg group, the number of HBsAg positive subjects was greatest in the ³60 years group, and skewed distribution was found (B); In high-level HBsAg group, the number of HBV DNA positive subjects was significantly different among different age groups (P<0.05) and was negatively related to age (C), r=-0.981, P<0.05); in low-level HBsAg group, the number of HBV DNA positive subjects (routine method and enrichment method) was similar among different age groups (D), P>0.05), and the number of HBV DNA positive subjects determined with the routine method was less than that determined with enrichment method (P<0.05). a Results from all serum samples with hepatitis B virus (HBV) DNA ≥30 IU/mL; b Results from serum samples with HBV DNA <30 IU/mL and those with HBV DNA ³30 IU/mL (0 IU/mL was used when HBV DNA was <30 IU/mL; the actual HBV DNA was used when HBV DNA was ³30 IU/mL); * Detection of HBV DNA with routine method, other serological patterns (HBV-M4, HBV-M5, HBV-M6) were not analyzed due to small case numbers; # Detection of HBV DNA with an enrichment method, other serological patterns (HBV-M1, HBV-M3, HBV-M4, HBV-M5, HBV-M6) and chronic hepatitis B (CHB) were not analyzed due to small case numbers.
Group
Age ( Table 4 . Comparisons between the low-level HBsAg group and the high-level HBsAg group for the finding of hepatitis B virus (HBV) DNA with age and HBV markers for major serological patterns (r, P).
replicating HBV DNA when compared with individuals with high levels of HBsAg, and the majority (93.7%) were also HBsAg and HBeAg and HBcAg-positive. The findings of this study have shown that individuals with chronic HBV infection with sustained low serum levels of HBsAg have special clinical characteristics, having mainly asymptomatic carrier (ASC) status, with HBV DNA that was slowly replicating and positively related to the serum HBsAg level. Although further studies are required to confirm these findings, the results of this study are clinically and epidemiologically important and suggest that improving immune tolerance in cases of chronic HBV infection may prevent HBV transmission.
